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ABSTRACT
A swing compressor is mainly used for residential air conditioning. Compared with a rotary compressor, the swing
compressor has the features that a piston is integrated with a vane and a roller, and that the piston is supported with a
pair of bushes. The bushes of the swing compressor are important sliding parts which influence the performance and
reliability of the compressor and it is required to clarify the behavior during the actual operation for higher
performance and reliability. The pair of bushes has four sliding surfaces that are a suction cylinder side, a suction
blade side, a discharge cylinder side and a discharge blade side.
In the past research, the clearance on the suction blade side, where is in a severe lubrication condition due to
pressure difference between a suction and a discharge chamber, was measured by using displacement sensors in
order to clarify the behavior of the clearance [1]. However, the other clearances have not been measured yet.
This research shows the behavior of the clearance at the four sliding surfaces of bushes during the actual operation
under the refrigerant atmosphere. The behavior of the bush during the actual operation was visualized by using a
high-speed camera, and clearance measurement was performed on the four sliding surfaces. In order to quantify the
clearance, markings were applied to the parts (the bushes, the piston blade, and the cylinder) and image processing
of high-speed camera images was performed to quantify the clearance during the actual operation from the
positional relationship of the markings, and the difference of those behavior on the suction side and the discharge
side respectively was clarified.

1. INTRODUCTION
A swing compressor is mainly used for residential air conditioning. Compared with a rotary compressor, the swing
compressor has the features that a piston is integrated with a vane and a roller, and that the piston is supported with a
pair of bushes. The bushes of the swing compressor are important sliding parts which influence the performance and
reliability of the compressor and it is required to clarify the behavior during the actual operation for higher
performance and reliability. The pair of bushes has four sliding surfaces that are a suction cylinder side, a suction
blade side, a discharge cylinder side and a discharge blade side. Especially, the clearance on the suction blade side is
in a severe lubrication condition due to pressure difference between a suction and a discharge chamber and the low
viscosity lubricant due to dissolved refrigerant.
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In the past research, the authors measured the clearance on the suction blade side by using displacement sensors in
order to clarify the behavior of the clearance [1]. They clarified that the clearance on upper side is always wider
than the clearance on lower side. However, the other clearances have not been measured yet. To improve the
performance and reliability of the swing compressor, it is important to clarify the behavior of the clearance on the
four sliding surfaces of bushes during the actual operation.
In this research, we show the behavior of the clearance on the four sliding surfaces of bushes during the actual
operation under the refrigerant atmosphere. The behavior of the bush during the actual operation was visualized by
using a high-speed camera, and the clearance measurement was performed on the four sliding surfaces.
In order to detect a position, markings were applied to the parts (the bushes, the piston blade, and the cylinder). And
the image processing of the high-speed camera images was performed to quantify the clearance during the actual
operation from the positional relationship of the markings, and the difference of those behaviors on the suction side
and the discharge side was clarified.

2. CLEARANCE MEASUREMENT METHOD
To clarify the behavior of the bushes during the actual operation, a quartz glass was installed in the compressor as a
mechanical part. Fig. 1 shows a schematic diagram. In order to prevent from contact between the glass and a
mechanical part, the glass is supported with a metal packing and an O-ring. The markings by etching process were
applied to the parts (the bushes, the piston blade, and the cylinder) to quantify the clearance. Fig. 2 shows the
markings and measurement point. The marking size is about 200μm in diameter. The behavior of the bush during
the actual operation was visualized by using a high-speed camera through the glass. The shooting speed was
3000fps.
Table 1 shows the test condition. Refrigerant R32 and polyvinyl ether oil was used. Rotational speed was 30rps,
high pressure was 1.9MPaG, and low pressure was 0.5MPaG. Fig. 3 shows the clearance calculation process. Firstly,
we measured the distances (B, C) from the marking to the edge of the part in advance. Secondly, we measured the
distance (A) from the marker (part 1) to the marker (part 2). Finally, we calculated the clearance during the actual
operation by A – (B + C).
The measurement accuracy of this measurement is about 3.5μm, which is worse than the past measurement accuracy
0.3μm by using displacement sensors [1]. But the accuracy can be improved by camera specifications and
enlargement ratio of the images. In addition, we believe it is advantageous to be able to measure four clearances at
the same time without any correction of temperature drift or runout.

Figure 1: Visualization method

Figure 2: Bush marking and Measurement Point

part 2

part 2

part 1

part 1
Figure 3: Clearance calculation process
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Table 1: Test condition

Refrigerant
R32

Oil
polyvinyl ether

Rotational speed

Discharge Pressure

Suction Pressure

[rps]

[MPaG]

[MPaG]

30

1.9

0.5

3. EXPERIMENTAL RESULT
Fig. 4 to 7 shows the change of each clearance during one rotation of the shaft. The measurement position of each
clearance corresponds to the number (①~⑧) in Fig. 2. We define that the upper clearance is “Upper” and the lower
clearance is “Lower” in Fig. 2.
Fig. 4 shows the clearances on the upper and lower suction blade side (①,②), Fig. 5 shows the clearances on the
upper and lower discharge blade side (③,④), Fig. 6 shows the clearances on the upper and lower suction cylinder
side (⑤,⑥), and Fig. 7 shows the clearances on the upper and lower discharge cylinder side(⑦,⑧), respectively.
The horizontal axis shows the rotation angle of the shaft. The vertical axis shows the normalized clearance. The
clearance h is normalized with the nominal clearance at the center of the cylinder hole.
3.1 Measurement result of the clearance on the suction and discharge blade side
As shown in Fig. 4 and 5, the clearance on the upper side (②,④) was always wider than the clearance on the lower
side (①,③), and it was confirmed the same tendency as described in the past report [1]. In addition, the clearance on
the discharge side (④) was wider than the clearance on the suction side (②). This is considered to be due to
pressure difference between the suction and the discharge chamber acting on the blade.
3.2 Measurement result of the clearance on the suction and discharge cylinder side
As shown in Fig. 6 and 7, it was confirmed that the clearance on the discharge side (⑧) is wider than that on the
suction side (⑥), like the case between the bush and the blade. This is similar to the above reason.
The clearance on the upper side between the bush and the cylinder (⑥,⑧) was wider than the clearance on the lower
side (⑤,⑦). The reason is that the upper space of the bush is high pressure, so a differential pressure load acts from
the upper side of the bush to the lower side.
In addition, when looking at the clearance on the discharge cylinder side, the clearance changes largely in the range
from 240 ° to 360 °. The differential pressure load on the suction side bush always acts from the upper side to the
lower side because the suction chamber pressure is always lower than the bush upper space pressure. However, the
direction of the differential pressure load acting on the discharge side bush changes in one rotation of the shaft due
to over compression in the discharge chamber. Therefore, depending on the operating conditions or nominal
clearance, the bush on discharge side moves up and down in the lubricant without contact. From the above, it was
clarified that the bush was subjected to the differential pressure load during operation and was operating in the
posture shown in Fig. 8.
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Figure 4: Clearance on suction blade side

Figure 5: Clearance on discharge blade side

Figure 6: Clearance on suction cylinder side

Figure 7: Clearance on discharge cylinder side

Figure 8: Bush posture during actual operation
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4. CONCLUTIONS
In this research, the behavior of the bush during the actual operation under the refrigerant atmosphere was visualized
by using a high-speed camera, and clearance measurement was performed on the four sliding surfaces by using the
image processing of the high-speed camera images. The followings are the summary of this research.
4.1 Clearances on the suction and discharge blade side
・Both the clearances on the suction blade side and the discharge blade side, the clearance on the upper side is
always wider than that on the lower side respectively.
・The clearance on the discharge side is wider than that on the suction side due to the differential pressure load.
4.2 Clearances on the suction and discharge cylinder side
・Both the clearances on the suction cylinder side and the discharge cylinder side, the clearance on the upper side is
always wider than that on the lower side respectively.
・The clearance on the discharge side is wider than that on the suction side due to the differential pressure load.
・Depending on the operating conditions or nominal clearance, the clearance may change in a certain shaft rotation
angle range (in this case from 240 ° to 360 °) .
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